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DNA-dependent RNA polymerase plays a  central 
role  in  the  expression  of  genetic  information 
contained  in  DNA.  Since  selective  transcription 
of DNA is presumably involved in the differentia- 
tion  and  morphogenesis  of  the  plant  (1),  the 
presence  and  distribution  of  this  enzyme  are  of 
considerable interest both cytologically and  histo- 
logically.  This  paper  describes  a  procedure  for 
the  localization  of  endogenous  DNA-dependent 
RNA  polymerase  activity  by  incorporation,  in 
vitro,  of  a  radioactive  precursor  into  RNA  fol- 
lowed by radioautography.  A  somewhat  different 
procedure  has  been  used  at  the  electron  micro- 
scope level for the localization of RNA polymerase 
activity in isolated nuclei (6, 7). 
MATERIALS  AND  METHODS 
Corn  seeds  were  germinated  on  moist  filter  paper, 
and after 3 days the terminal 2 mm of the roots were 
frozen on  microtome chucks.  Fresh,  frozen sections 
8/z thick were cut in a  microtome cryostat and were 
placed on microscope slides coated with an adhesive 
containing  1%  gelatin  and  0.3%  glycerol.  After 
several sections had been placed on the slide, it was 
warmed quickly to room temperature,  air dried, and 
placed in a  vacuum desiccator at room temperature 
for about 30 min to dry the sections as thoroughly as 
possible.  The  sections  were  then  incubated  with  a 
snbstrate  solution,  during  which  period  the  slides 
were  placed  in  Petri  dishes  lined  with  filter  paper 
which had been soaked in 3 m~ /3-mercaptoethanol. 
The substrate  solution was the same as that  used 
by  Huang  and  Bonner  (4)  in  their  study  of RNA 
polymerase  in  pea  seedlings  and  consisted  of  the 
following: 1.0 mM each of adenosine, guanosine, and 
cytidine  triphosphates;  10  rnM  MgC12;  3  mM  /3- 
mercaptoethanol; and  50 mx~ Tris buffer at pH 8.0. 
Uridine-3H  triphosphate  (Schwarz  Bio  Research, 
Inc.,  Orangeburg,  N.J.  Specific  activity,  2.3  c/ 
mmole)  was  added  to  a  final  concentration  of  100 
#c/ird.  Sections were  incubated  in several drops  of 
this medium for 40 rain. Control treatments included 
incubation with the complete medium minus guano- 
sine and cytidine triphosphates,  pretreatment  for  15 
n-fin with  RNase-free  DNase  (1  mg/rrfl  in  acetate 
buffer,  pH  5.0),  posttreatment  with  RNase  (1  mg/ 
mi) for 30 min, incubation in the complete medium 
at  4°C,  and  incubation  with the complete medium 
plus 5 /zg/ml actinomycin D. Before the latter treat- 
ment, the sections were preincubated for I0 rain in a 
medium containing the buffer, mercaptoethanol,  and 
5 #g/ml actinomycin D. 
After  incorporation  of  the  isotope,  the  sections 
were fixed in 95% ethanol, hydrated,  extracted for 5 
min with 5% trichloroacetic acid at 4°C, dehydrated 
in  ethanol,  and  air  dried.  Radioautographs  were 
prepared ~  l~y'°dipping  the-slides  in  L-4  emulsion 
diluted with two parts of water, as described by Caro 
and  van  Tubergen  (2).  The  emulsion  was  exposed 
to the sections for 12 days. 
RESULTS  AND  DISCUSSION 
A  typical radioautograph  of active cells is shown 
in Fig:  1 a. Although the bulk of activity is present 
in  the  nucleolus,  appreciable  numbers  of  grains 
appear  over  both  the  nonnucleolar  parts  of the 
nucleus  and  the cytoplasm.  Attempts  to  increase 
the amount of incorporation into the nonnucleolar 
parts  of  the  nucleus  by  including  ammonium 
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(6, 7) in the incubation medium had no noticeable 
effect  on  the  pattern  or  amount  of  labeling. 
Virtually all of the  activity is eliminated by the 
inclusion  of  actinomycin  D  in  the  incubation 
medium,  by pretreatment with DNase  (pretreat- 
ment with buffer alone had no effect), or by post- 
treatment with RNase  (Figs.  1 b-d).  Some cyto- 
plasmic grains are apparently due  to  nonspecific 
binding of activity since inclusion of actinomycin 
D  in  the  medium  or  pretreatment  with  DNase 
reduced,  but  did  not  entirely  eliminate,  cyto- 
FIGURES 1 a  and b  Radioautographs showing the localization of RNA polymerase  activity in flesh 
frozen sections of corn root tips (Fig. la) and control treatments (Figs. lb, c, d). Fig. la, complete medium 
(RNA polymerase).  Fig. lb, complete medium and 5/xg/ml actinomycin D.  )< ~,000. 
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medium  at  4°C  and  the  exclusion of guanosine 
and  cytidine  triphosphates  from  the  medium 
reduced  the  grain  density  to  roughly  one-third 
that over sections incubated in complete medium 
at room temperature. The enzyme is  very.  sensi- 
tive;  it  was  not  active  in  freeze-dried,  paraffin- 
embedded  material  whether  the  ribbon  was 
floated  on the medium or  the  sections were  first 
affixed to the slide and the paraffin removed before 
FIGURES 1 C and d  Radioautographs showing the localization of RNA polymerase activity in control 
treatments; see legend under Figs. 1 a and b. Fig. 1 c, complete medium, pretreated with DNase. Fig. 1 d, 
complete medium, posttreated with RNase. )< 2,000. 
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F[ouaE  ~  Diagrammatic summary of the histological 
distribution of  RNA  polymerase  activity  (stippled 
areas) in corn root tips. The borders between zones of 
activity are  actually  not sharp  as indicated,  but are 
graded over several cell diameters. 
incubation. Brief (5 min) treatment of fresh frozen 
sections with formaldehyde vapor also  eliminated 
activity.  A  1  rain  immersion  of  fresh  frozen 
sections in acetone,  however,  had  no noticeable 
effect  on incorporation; but this did not improve 
cytologic  preservation  and  was  abandoned  as 
superfluous. 
If the  sections were  incubated first  in labeled 
medium and then in unlabeled medium containing 
cold  uridine  triphosphate,  neither  the  pattern 
nor the intensity of labeling was altered. 
It is concluded from these experiments that es- 
sentially all of the labeling is due to the activity 
of DNA-dependent RNA polymerase. 
The histological distribution  of RNA polymerase 
activity  in  the  root  tip  is  illustrated  diagram- 
matically in  Fig.  2.  The  cells  of  the  quiescent 
center, which are known to be considerably less 
active than their neighbors with respect to DNA 
and protein synthesis and cell division (3),  have 
small nucleoli and are virtually unlabeled. More 
activity is found in the nucleoli closer to the edge 
of  the  quiescent  "  center,  and  distal  to  this  the 
nucleoli increase in size  and are heavily labeled. 
Approximately 1500-1700 t~ from the tip there is 
a rather sharp transition from labeled to unlabeled 
nucleoli  which  occurs  within  only  a  few  cell 
diameters but without any decrease in nucleolar 
size. In a few columns of cells in the stele, however, 
nucleolar RNA polymerase activity is present for 
somewhat longer than in the surrounding  columns, 
although they, too, soon become inactive. Similar, 
though  less  marked,  changes  occur  in  RNA 
polymerase activity throughout the root tip, in the 
nucleoplasm and cytoplasm. Nucleoli in the cap 
initials are  labeled but not as  intensely as  those 
distal to the quiescent center. These observations 
are  in  good  agreement with  the  RNA  content 
per  cell  along  the  length of  the  root,  which  is 
lowest in the cells of the quiescent zone, increases 
rapidly for  the next  1500-1700 /~,  and then be- 
comes constant (5). 
Although the active sites of RNA synthesis can 
often be located by incubation of the living tissue 
in uridine--3H, followed by radioautography, that 
procedure is not always a workable one. Substrate 
penetration may be  slow,  endogenous precursor 
may dilute the isotope,  patterns of RNA synthesis 
in some instances may change rapidly, or it may 
not even be possible  to incubate the structure in 
question  in  a  liquid  medium.  Localization  of 
endogenous RNA polymerase activity circumvents 
all  these  difficulties  and,  in addition,  eliminates 
the  possibility of  later  movement  of  the  RNA 
synthesized. 
Appropriate  modifications  of  this  procedure 
should be useful in localizing the activity of other 
enzymes which catalyze the formation of insoluble 
products. 
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